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ABSTRACT:  
We present a long-term follow-up report of the results of the original Exeter polished 
cemented stems inserted between November 1970 and the end of 1975 at our institution by 
surgeons of widely differing experience, utilising crude cementing techniques. The results of 
this series were reported in 1988 [1] and again in 1993 [2]. There have been no failures from 
aseptic femoral component loosening since the 1993 report. From the original series of 433 
hips there were, at the end of 2003, 26 living patients with 33 hips. Of the latter, there were 
25 hips in 20 patients with their original femoral components still in situ. 28 hips (6.46%) 
from the original series have been lost to follow-up, though none since 1992. With the end-
point re-operation for aseptic stem loosening, the survivorship is 93.5% (95% CI: 90.0% to 
97.0%).The re-operation rate for aseptic femoral component loosening is 3.23% into the 33
rd
 
year of follow-up. 
KEY WORDS:  Exeter polished stems, long-term survivorship, taper-slip.  
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INTRODUCTION 
The results of this original Exeter series have previously been reported at 11-16 years [1] and 
at 15-20 years [2] when there were respectively 121 and 100 surviving hips. We now report 
the results into the 33
rd
 year of follow-up, with the emphasis on the behaviour of the femoral 
component. 
The femoral components (Fig 1) on which the present report is based were taken off the 
market in 1976, over 30 years ago [1]. The basis on which these implants function was later 
described as the ‘taper-slip’ principle [1-3] and the importance of the results reported here 
lies in their significance in relation to the future long-term function of the current generation 
of ‘taper-slip’ stems, exemplified by the Exeter Universal [4-6], for which at the present time 
there are no results available beyond 17 years.  
 
MATERIALS AND METHODS: 
All the initial clinical and operative data of the first 433 Exeter hips, inserted at the Princess 
Elizabeth Orthopaedic Hospital between November 1970 and the end of 1975 under the 
British National Health Service, were collected prospectively. Of the 433 cases in 374 
patients in whom the original Exeter stem was implanted, 159 (36.7%) were in male patients. 
The mean age of the patients at operation was 66.8 years (30-84 years). 68 were under the 
age of 60. At the time of their surgery, the mean age of the 20 patients whose 25 stems were 
still in situ at the end of 2003 was 55.7 years and their mean age at the end of 2003 was 86.4 
years. There were 374 primary interventions of which 323 cases were operated on for 
‘primary osteoarthritis’. 59 had undergone previous hip surgery (of which 20 were revisions 
of either total hip replacements or hemiarthroplasties). 
There were 224 hips operated on by consultants (attending) and 209 by registrars or senior 
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registrars (residents). The posterior approach was used in all cases. Preparation of the 
femoral canal was carried out using a taper pin reamer, curette and modified long-handled 
Capener spinal gouges. Intramedullary plugging and lavage were not employed and cement 
(generally Simplex R/O though in a few cases Simplex Plain was used) insertion was digital 
and orthograde in all cases. No form of porosity reduction was employed. Prophylactic 
antibiotics were not given. A metal distal stem centraliser was employed in the majority of 
cases.  Post-operatively, there were no formal restrictions on weight-bearing. 
AP and lateral radiographs at an average of 29.9 years (20.5 – 32.7 years) since operation 
were available for all the survivors. The films were examined jointly by two surgeons for 
evidence of failure of the socket or stem, migration (subsidence) at both the stem-cement and 
cement-bone interfaces, the site and extent of radiolucent lines at the cement-bone interface, 
changes in the femoral neck, the presence of diaphyseal hypertrophy and of localised femoral 
lysis. The definition used for radiolucent lines at the cement-bone interface is that described 
by Kobayashi et al [7]: a radiolucent line (linear radiolucency) adjacent to a sclerotic line: i.e. 
a reactive radiolucent line. Osteolytic lesions were defined as any non-linear lucency at the 
cement-bone interface, a definition derived from that used by Sporer et al [8]. 
Subsidence of the femoral component within the cement mantle (a characteristic feature of 
the behaviour of ‘taper-slip’ [3] stems such as the original polished Exeter) was assessed in 
serial films by a single observer (JC) by measuring the changes over time of the vertical 
height of the radiolucent line at the stem-cement interface in zone 7 (the method described by 
Fowler et al [1]), using the Orthochart™ software (Ortho-Graphics Inc., 807 E S Temple, 
Suite 100, Salt Lake City, UT84102) and digitised films magnified 200%. 
Survivorship analysis was performed using the Kaplan Meier [9] method to produce 
survivorship curves and 95% confidence intervals with 4 different endpoints (vid inf) with at 
least 40 cases remaining at risk [10;11]. 
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RESULTS: 
Table 1 sets out the Charnley D’Aubigne Postel [12] clinical scores at varying intervals post-
operatively.  Overall, 28 hips (6.46%) have been lost to follow-up but none since 1992. 
In this series of 433 hips, 14 (3.23%) have been revised for aseptic loosening of the stem, but 
none since 1992. Unsurprisingly, the majority of patients have died leaving 33 hips in 26 
surviving patients, for whom the average follow-up was 30.6 years, the maximum being 33 
yrs. Of these, 25 still had the original stems in situ. Details of these are summarised in Figure 
2. Of the 25, 10 had undergone revision of the cups, 9 for aseptic loosening and 1 for 
recurrent dislocation.  
Overall, typical X-ray appearances of the 25 unrevised stems are shown in Figs. 3 & 4, 
mimicking the appearances reported in 1988 [1].  Subsidence of the stem within the cement 
is depicted graphically in Figure 5 with each line representing an individual stem. The mean 
subsidence was 3.77mms (including the outlier) and 1.83mms if the outlier is excluded. 
As subsidence occurred, in 19 hips, the stems changed alignment slightly towards valgus (by 
a mean of 1.5 degrees, measured using Orthochart™ (Ortho-graphics Inc 807 E S Temple 
Suite 100 Salt Lake UT84102) as they subsided, in one towards varus and in five, there was 
no change in alignment.  
Subsidence at the cement-bone interface and was only identifiable in two hips.  One of these 
had, in addition, subsided 18.8mm at the stem-cement interface and the other 44mm (the 
latter is not shown in Figure 5). 
Radiolucent lines (as defined by Kobayashi et al [7]) at the cement-bone interface were seen 
in one hip in Gruen zones 1, 2, 6 & 7 [13], in a second in zone 2 and in a third in zone 7. The 
other 22 stems were line free. 
Non-reactive radiolucent lines at the stem-cement interface were seen in zone 1 [13] in 
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virtually every case and were a consequence of subsidence of the stem within the cement. 
Localised femoral endosteal bone lysis (as defined by Sporer et al [8]) was found in four 
hips, affecting zones 1, 2, 6 & 7 [13] in one hip, zones 2, 6 & 7 in one hip, zones 1 & 7 in 
one hip and zone 7 in one hip. There was no loss of height of the medial femoral neck in 15 
of the 25 surviving stems (60%). Loss of height was seen in 4 of the 15 hips in which neither 
component had been revised and in 6 of the 9 hips in which the cups had been revised for 
aseptic loosening.  Visible cement fractures were seen in 7 hips in 4 patients.  All were of the 
‘punch-out’ variety [14]: 2 were in zone 2 [13], 1 in zone 3, 3 in zone 5, and 1 in zones 3 & 
5. Two were associated with fractures of a centraliser lug. Diaphyseal hypertrophy was seen 
in some degree in 8 hips (32%). 
On the femoral side, Kaplan Meier [9] survivorship curves and 95% confidence intervals 
have been generated (Fig. 6) with two end-points. There were 41 cases at risk [10] at the 
beginning of the 27th year and with revision for aseptic stem loosening as the end-point, the 
stem survival rate is 93.5% with the 95% confidence interval (CI) of 90.0 to 97.0%. 
Considering the ‘worst case’ scenario [15] in which all cases lost to follow-up are regarded 
as failures, stem survivorship becomes 85.8% with a 95% CI of 81.3 to 90.3%. On the 
acetabular side (Fig. 6), with the end-point revision for aseptic cup loosening, the 
survivorship is 76.5% and the 95% CI 68.9 to 84.1%. With the ‘worst case’ scenario, 
survivorship becomes 71.3% with a 95% CI 63.9 to 78.7%. 
The complications demanding re-operation in the whole series up to the end of 2003 are set 
out in Table 2. The major problems were femoral stem fracture, femoral neck fracture, and 
aseptic cup loosening.  
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DISCUSSION: 
The original polished Exeter stems were relatively slight in section and manufactured from 
the ductile stainless steel alloy EN58J [1] that was not especially strong. These factors, 
coupled with sometimes indifferent cementing technique, were responsible for the stem 
fracture rate of almost 4% (up to the present), though there have been no fractures since the 
20
th
 year of the survivorship study and no loss to follow-up since that time. The neck 
fractures formed a distinct group aetiologically and have been described elsewhere [1].  
As far as the clinical results are concerned (Table 1), the relief of pain and the restoration of 
movement have been well maintained right up to the most recent assessment. With an 
average age of the surviving patients of 86.4 years at the end of the study, a fall off in 
function is inevitable because of the effects of age per se, mental deterioration and 
intercurrent disease.   
Of the 14 stems revised for aseptic loosening (3.46%), 2 were re-revisions and 2 had 
previously undergone intertrochanteric osteotomies. Other than the stem & neck fractures, 
these original Exeter stems have behaved well, in spite of the crude cementing technique.  
Overall, the x-ray appearances of the 25 surviving stems remain generally benign (Figs 3 & 
4) with radiolucent lines at the cement-bone interface and focal femoral lysis being 
uncommon and 60% of the stems showing no loss of calcar height. The ‘punch-out’ cement 
fractures [14] seen in 7 hips in 4 patients had been present for between 6 and 31 years and 
there was no associated osteolytic reaction to any of them. The Charnley D’Aubigne Postel 
[12] pain gradings in the 7 hips were 6,6,5,5,5,6,4. 
Subsidence of the polished, tapered stem within the cement (Fig. 5), the characteristic feature 
of the behaviour of this stem, is easy to identify radiologically [1] and was seen in all 25 
surviving stems. It had generally become apparent within the first post-operative year. 
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Although initially a source of some anxiety, it gradually became clear that the small degree 
of subsidence of the polished stems within the cement represented engagement of the stem 
taper within the cement mantle [3]. This engagement produces hoop tensile stress and strain 
within the cement mantle. The strain persists through periods of partial or complete 
unloading leading, because of the viscoelastic properties of the cement in vivo [16], to hoop 
tensile stress relaxation [16]. The latter is responsible, in combination with creep [16] in the 
cement, for the stem generating a loading regime dominated by compression, both at the 
stem-cement interface, within the cement and at the cement-bone interface [4;17-22]. Its 
significance was emphasised more than 25 years ago by Crowninshield et al [23] and it 
underlies, as Fowler et al surmised [1] in 1988, these results with the original polished Exeter 
stem and those reported elsewhere with its eventual successor, the Exeter Universal stem [4-
6].  
In 1970, there was no way of predicting how the Exeter polished stem was going to behave. 
If more recent proposals for the introduction and screening of new implants [24;25] had been 
in force in 1970, the polished Exeter stem would have been taken off the market within 2 
years because of stem subsidence, at the time generally regarded as unfavourable 
prognostically.  
 
CONCLUSIONS: 
The original polished Exeter stem was the first of what is now known as a ‘taper-slip’ [3] 
design and has performed well over the long-term, rarely failing from aseptic loosening 
unless the cementing is grossly defective. The stem protects the cement firstly, because the 
highly polished surface does not damage the cement [26] as the stem subsides and secondly, 
because the loading regime it so produces is dominated by compression and damaging 
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tensile stresses are substantially reduced by stress relaxation.  
The generally benign behaviour in the long-term of the original Exeter polished stems 
described here justifies an attitude of optimism with regard to the future long-term 
performance of the currently used Exeter Universal stems [4-6] with contemporary 
cementing. 
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Legends to FIGURES: 
 
 
Fig. 1: The original Exeter collarless, double tapered, polished stem. 
 
 
Fig. 2: Surviving patients and hips 
Fig. 3a and 3b: Six month and 30 year radiographs of male patient aged 50 at the time of 
arthroplasty. He had undergone a previous intertrochanteric osteotomy that failed. 
Following his arthroplasty, he returned to work fulltime as a carpenter and joiner until 
retirement at age 65.   
Fig. 4a and 4b: post-op and 32 year X-rays of R hip of female patient aged 30 at the time 
of surgery. This patient was a nurse who returned to full time ward nursing for 13 years 
after her bilateral arthroplasties and then had to have the cup revised on the left: Note 
marked wear of the polyethylene and cup migration but so significant damage to the 
proximal femur. 
Fig. 5: Subsidence of the stem within the cement on the ordinate: time on the abscissa. Note 
the outlier with 13 mm of stem subsidence between 10 & 14 years followed by ten years of 
stability between 14 & 25 years and then 4mm further subsidence between 25 & 27 years. 
Pain grade of 5 and Oxford Hip Score of 14 (see text). 
Fig. 6: Survivorship of cup and stem with end-points revision for aseptic loosening and 
worse case scenario where all loss to follow-up is regarded as failure.  
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Figure 3a 
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Figure 4a 
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Figure 4b 
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Figure 5 
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